The Seventh Report of the Joint National Commission (JNC 7) on High Blood Pressure established prehypertension (120 to 139 mm Hg systolic or 80 to 89 mm Hg diastolic) as a new risk category. We aim to determine the risk of major cardiovascular events associated with blood pressure in the prehypertensive range in a longitudinal, population-based cohort.
INTRODUCTION
T o incorporate the most recent data on hypertension, the Joint National Commission on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC) released its latest report (JNC 7) in May 2003. 1 One major change from JNC 6 report 2 was the addition of a new blood pressure category called prehypertension (120-139 mm Hg systolic or 80-90 mm Hg diastolic). As a result, persons who were once considered to have normal blood pressure became labeled as prehypertensive, which immediately created some confusion and resistance regarding the importance of this category. Since then, the extent of both the clinical and public health implications is still being uncovered.
The JNC sought to increase awareness for the need for lifestyle modification in persons with blood pressures approaching abnormal levels, before the levels reached the threshold of hypertension. Persons with prehyperten-sion have been shown to have increased risk of developing hypertension. 3 In addition, observational studies and clinical trials suggest that blood pressure in the prehypertensive range may be associated with adverse cardiovascular outcomes. High-normal blood pressure (130-139 /85-90 mm Hg) 2 has been consistently associated with elevated risk for cardiovascular disease. [4] [5] [6] The Prospective Studies Collaboration found that reducing blood pressure leads to decreased mortality risk at blood pressure levels as low as 115/75 mm Hg. 7 Thus, population-based epidemiologic studies and meta-analyses have established that a higher blood pressure leads to a higher cardiovascular risk. [8] [9] [10] Few studies, however, have evaluated the category of prehypertension to characterize more precisely its associated risks and to determine whether they exceed those of high-normal blood pressure alone. Epidemiologic data from the 1999-2000 National Health and Nutrition Examination Survey estimated the prevalence of prehypertension to be 31%. 11 Additionally, more than 88% of persons with prehypertension had at least one cardiovascular risk factor. Russell et al 12 conducted a simulation using baseline data from NHANES III fi tted to longitudinal data from NHANES I to estimate the longterm consequences of prehypertension. They found that if prehypertension were eliminated, hospital admissions would be reduced by 3.4%, nursing home admissions would be reduced by 6.5%, and deaths would be reduced by 9.1%. Finally, a recent study that focused on the category of prehypertension suggested that it is not associated with increased risk above normal blood pressure for mortality from either all causes or cardiovascular disease. 13 To date there have been no longitudinal studies testing the relationship of prehypertension to cardiovascular disease morbidity. The purpose of this study was to examine, in a longitudinal, nationally representative cohort of US citizens, the risk of naturally occurring, major cardiovascular events associated with blood pressure in the prehypertensive range.
METHODS
The fi rst National Health and Nutrition Examination Survey (NHANES I) was conducted by the National Center for Health Statistics from [1971] [1972] [1973] [1974] [1975] . It is a nationwide probability sample of the United States, consisting of approximately 32,000 people aged 1 to 74 years, with oversampling for groups considered at high risk for malnutrition. Adjusted sampling weights for 60 age, sex, and race categories were computed to refl ect the civilian, noninstitutionalized population at the midpoint of the survey. A unique aspect of this survey was that a subset of 14,407 NHANES I participants aged 25 to 74 years were chosen to receive a more detailed examination. These participants became the cohort for the National Health Examination and Follow-up Study (NHEFS I), which was evaluated in 1982-1984, 1986, 1987, and 1992 . Information was derived from personal interviews with the participants or by proxy, data from nursing home and hospital records for overnight stays, and data from death certifi cates for decedents. By the end of the 1992 NHEFS data collection, 90% of the 11,195 participants not reported dead in previous surveys had been traced. Approximately 32% of the original cohort had died, a death certifi cate was available for 98%.
NHANES I and NHEFS are public use data fi les without identifi ers, released by the National Center for Health Statistics. They are therefore exempt from IRB review under category 4 from 45 CFR Part 46 regulations.
Variables

Blood Pressure
Blood pressure status was obtained based on the measurements taken during NHANES I. A single, seated blood pressure was taken and participants were asked whether they were currently taking antihypertensive medication. In this analysis, blood pressures were classifi ed according to guidelines from the JNC 7 report. Hypertension (stage 1 and stage 2 combined) was defi ned as a systolic blood pressure of ≥140 mm Hg or diastolic blood pressure of ≥90 mm Hg or currently taking antihypertensive medication. Prehypertension was defi ned as a systolic blood pressure of 120-139 mm Hg or a diastolic blood pressure of 80-89 mm Hg. Normal blood pressure was defi ned as a systolic blood pressure of <120 mm Hg and a diastolic blood pressure of <80 mm Hg.
In addition, we evaluated the potential effects of each of 2 components of prehypertension: low prehypertension (systolic blood pressure 120-129 mm Hg and diastolic blood pressure 80-84 mm Hg) and highnormal blood pressure (systolic blood pressure 130-139 mm Hg and diastolic blood pressure 85-89 mm Hg). As a result, it was possible to determine whether any increased risk of prehypertension was based solely on the known increased risk of high-normal blood pressure.
Morbidity
The primary outcome measure analyzed in this study was the occurrence of a major cardiovascular event, defi ned as myocardial infarction, stroke, or congestive heart failure. Information on myocardial infarction was obtained from several sources for each NHEFS wave. In patient or proxy interviews, participants were asked whether a doctor had ever told them that they had a heart attack. A positive answer was counted as a new myocardial infarction for that particular period and was not included in information collection in subsequent waves. Inpatient hospital discharge records and nursing home records were reviewed for the presence of myocardial infarction as defi ned by International Classifi cation of Disease, Ninth Revision (ICD-9) code 410. Finally, death certifi cates were examined for any new myocardial infarction. Information on stroke and congestive heart failure was obtained similarly, defi ned by ICD-9 codes 430, 431, 432 and 434 for stroke and 428 for congestive heart failure.
Control Variables
To determine the independent risk of blood pressure on major cardiovascular events, we chose to control for age, sex, and race, as well as the following factors considered by JNC 7 to be cardiovascular risk factors: diabetes mellitus, high body mass index (BMI), cigarette smoking, elevated total cholesterol level, physical inactivity, and history of myocardial infarction, congestive heart failure, or stroke. The data available in the NHANES I baseline did not allow us to control for a few of the cardiovascular risk factors cited in JNC 7: history of chronic kidney disease or retinopathy, microalbuminuria, and family history of premature cardiovascular disease.
Participants were considered to have diabetes if a doctor had ever told them they have diabetes. BMI (kg/m 2 ), as calculated from weight and height measurements during baseline physical examination, was considered a risk factor if greater than 30. Self-reported current or ever smoking was considered a risk factor compared with never smoking. Of note, not all participants were asked about smoking during NHANES I; therefore, if smoking data were not available for a particular participant at baseline, smoking data were taken from NHEFS I 1982-1984. Total cholesterol level is the only measure available to assess dyslipidemia for NHANES I and was considered a risk factor if higher than 200 mg/dL at the baseline laboratory examination. Physical inactivity was defi ned by self-report and was considered a risk factor for those who believed they were getting little or no exercise while doing things for recreation. Previous cardiovascular disease was a selfreport variable corresponding to the interview questions about whether a doctor had ever told them they had a heart attack, stroke, or congestive heart failure before the survey began.
Funding sources for this study had no role in the design, analysis, reporting of results, or decision to submit for publication.
Analysis
To evaluate the JNC 7 guidelines, we classifi ed the study population into 3 blood pressure groups: normal, prehypertension, and hypertension. We conducted Cox proportional hazard analyses because of the varying duration of follow-up among the participants. Schoenfeld test of residuals for the proportionality of hazards assumption within the models was also computed. 16 We obtained hazard ratios for major cardiovascular events based on blood pressure category, using normal blood pressure as reference. These analyses were then modifi ed to control for age, sex, race, and for the presence of at least one cardiovascular risk factor. The analyses were subsequently controlled for age, sex, and race and for the simultaneous adjustment for each individual cardiovascular risk factor. The multivariate-adjusted relative risk for each outcome was analyzed for each blood pressure category, using normal blood pressure as reference.
In an additional analysis, we repeated the above methods to obtain hazard ratios for each outcome based on the previously defi ned expanded blood pressure model including normal, low prehypertension, high-normal blood pressure, and hypertension. Table 1 displays demographic information on the study participants in each of the 3 blood pressure categories. Of note, more than 89% of participants in all blood pressure categories had at least 1 cardiovascular risk factor according to our defi nitions. Preexisting myocardial infarction, stroke, or congestive heart failure were uncommon events in all blood pressure categories. In our sample population, 47% were hypertensive, 33% were prehypertensive, and 20% were normotensive.
RESULTS
Results of unadjusted analysis of cumulative cardiovascular events by blood pressure category are displayed in Figure 1 . Time to cardiovascular event is notably delayed in those with prehypertension and normotension compared with overt hypertension. By dividing prehypertension into low prehypertension and high-normal blood pressure, we can see that time to cardiovascular event for persons with prehypertension appears to be the balanced average of effects from each of the 2 categories. Each curve follows a signifi cantly different path, and clearly, high-normal blood pressure exerts an increased effect on survival compared with low prehypertension.
Hazard ratios computed for the unadjusted analysis are displayed in Table 2 , model 1. There is a signifi cant increase in risk for major cardiovascular events for both hypertension and prehypertension. After controlling for age, sex, race, and each individual cardiovascular risk factor simultaneously, those participants with prehypertension were 1.32 times as likely to have a major cardiovascular event than those with normal blood pressure. Because of the large number of prehypertensive participants in this and other studies 11, 17 who have at least 1 cardiovascular risk factor, we also conducted an analysis controlling for age, sex, race, and the presence of at least 1 cardiovascular risk factor. Individuals with prehypertension were 1.37 (1.09-1.73) times as likely to have a major cardiovascular events as those with normal blood pressure. The hazard ratio for hypertension vs normotension was 2.64 (2.18-3.19).
The results of our analysis using the modifi ed blood pressure categories of low prehypertension and high-normal blood pressure are also displayed in Table 2 . In the unadjusted analysis, low prehypertension and high-normal blood pressure showed an increased risk of major cardiovascular events. After adjustment for age, sex, race, and each cardiovascular confounding factor entered simultaneously, the increased risk of cardiovascular events persisted for high-normal blood pressure. There were no signifi cant relationships between blood pressure and cardiovascular events in the low prehypertension category. These results were unchanged when controlling for age, sex, race and the presence of at least one cardiovascular risk factor.
DISCUSSION
Using a nationally representative US cohort with 18 years of follow-up, the current study fi ndings show that the new JNC 7 category of prehypertension does seem to confer increased risk of cardiovascular events. Our fi ndings further show an increased risk of cardiovascular events among participants in the upper half of the prehypertension range (high-normal blood pressure) after controlling for other cardiovascular risk factors. An elevated hazard ratio for participants in the lower half of prehypertension suggests an increased risk of major cardiovascular events in this category as well, although it was not statistically signifi cant after controlling for other risk factors. Despite this fi nding, it is important to consider that the overwhelming majority of prehypertensive participants had at least one cardiovascular risk factor. Although a blood pressure in the lower half of the prehypertension range may not independently confer increased risk of cardiovascular morbidity, the presence of cardiovascular risk factors needs to be factored into the clinical equation for estimating risk of cardiovascular disease. These fi ndings are consistent with previous studies that have shown an increased risk of cardiovascular morbidity and mortality above normal for the blood pressure category 130-139/85-89 mm Hg, but not for blood pressures of 120-129/80-84 mm Hg. 4, 5 In addition, the Framingham scoring system for 10-year risk of coronary heart disease developed by Wilson et al included no contribution to the 10-year risk for developing coronary heart disease for systolic blood pressures of less than 130 mm Hg for men or women. 6 On the other hand, several studies have shown a direct, continuous relationship between blood pressure and cardiovascular morbidity down into the range of normal blood pressure. [18] [19] [20] [21] The Prospective Studies Collaboration 7 found that decreasing systolic blood pressure by 20 mm Hg and diastolic blood pressure by 10 mm Hg in a middle-aged population with no history of cardiovascular disease reduces risk of cardiovascular mortality by one half. This relationship held true for a blood pressure level of 115/75 mm Hg. Although persons with blood pressures in low prehypertension range may have a small increased risk of cardiovascular mortality and morbidity compared with persons in the normal blood pressure range, when grouped together for analysis, this risk was not found to be signifi cant after controlling for other cardiovascular risk factors. In fact, Mainous et al 13 did not fi nd an increased risk of cardiovascular mortality for prehypertension above normal blood pressure using NHANES II, a longitudinal, populationbased cohort.
The issue surrounding the importance of risk ratios is overshadowed, however, by the clinical reality. According to NHANES 1999-2000 data and the data described above, most persons with prehypertension have at least one other cardiovascular risk factor, 11, 17 which must be accounted for in determining an person's risk of cardiovascular events. 22 It is interesting to note, however, that most of those with normal blood pressure, prehypertension, and hypertension had at least one cardiovascular risk factor. The advice from their physician would be to modify their lifestyle to eliminate these risk factors, regardless of blood pressure status.
Our study has several strengths that bear mentioning. First, we used data from a national populationbased cohort, gathered over 18 years, a period that includes a reasonable expectation of occurrence of cardiovascular events as a consequence of prehypertension. Second, data collection for the cohort was started before the current recommendations for blood pressure control were published, thus participants in our nonhypertension categories followed a natural course and experienced complications of blood pressure without intervention. Third, we evaluated prehypertension by dividing it by half. In so doing, we were able to compare the effects of prehypertension with those of high-normal blood pressure alone and to make a more informed decision as to the contribution of prehypertension as a blood pressure risk category.
Our study also has limitations that should be noted. As expected with a cohort study, we are limited by varying length of follow-up, completeness of follow-up data, and accuracy of death certifi cate information. In addition, blood pressure measurement was done at baseline examination only. Although there are data to support the use of a single blood pressure to predict risk of cardiovascular disease, 23 there were no followup measurements in this database to provide a measure of usual blood pressure. Other limitations exist with our control variables, mainly because this study started collecting data more than 30 years ago, when risk factors and levels of risk factors were less well established. For example, cholesterol determinations were measured as only total cholesterol concentrations, and no data for low-density or high-density levels are provided.
Although the variable defi nitions may be suboptimal, we are confi dent that we captured those participants with at least one cardiovascular risk factor. The fi ndings in this study support current JNC 7 recommendations, which include lifestyle modifi cation for all persons with prehypertension to target existing risk factors and to prevent the development of hypertension. Our statistical analysis failed to fi nd low prehypertension to be independently associated with increased risk of cardiovascular disease, although the odds ratio was greater than 1. Even so, it is necessary to consider that most participants with low prehypertension had concomitant risk factors, thus raising their risk of cardiovascular disease closer to that found in the unadjusted analysis. To characterize further the category of prehypertension, investigation of the causative and synergistic interactions of elevated blood pressure and other cardiovascular risk factors and of the precise physiologic mechanisms associated with the earliest onset of blood pressure elevation is warranted. With current knowledge alone, prehypertension should serve as an early warning system for patients and clinicians that metabolic changes which ultimately lead to cardiovascular disease may well be underway. 
